The same-object advantage (SOA) effect is usually cited as evidence for object-based attention. However, the different-object advantage (DOA) effect, which appears to be the opposite of the SOA effect, has also been reported by some researchers. The present study was designed to resolve this apparent inconsistency. As the SOA effect has been well documented, here we focus on exploring when and why the DOA effect occurs. With a series of four experiments, we manipulated the identicality between two targets and found the SOA effect when the targets were different but the DOA effect when they were identical. These results demonstrate that the presence of SOA vs. DOA effects can be critically determined by the identicality between targets. Moreover, Experiment 4 provides direct evidence for our hypothesis that the DOA effect arises from the benefit of placing two identical targets in distinct objects (e.g., rectangles) that can help the differentiation between targets.
Introduction
Visual processing is limited in its capacity; therefore, selective attention plays an important role in its functioning. Many previous studies have focused on the units on which attentional selection operates. Early studies suggested that attentional selection operates in a space-based manner (Eriksen & Hoffman, 1973; Eriksen & Yeh, 1985; Posner, Snyder, & Davidson, 1980) . These studies characterized attention as a ''spotlight" or ''zoom lens" which can move across the visual field, and only the information that falls within that spatial region can be selected for further processing. In contrast, subsequent researchers have suggested that attention is directed toward discrete objects or perceptual groups according to gestalt principles (see Scholl, 2001 , for a review). The evidence favoring the object-based attention view comes from the sameobject advantage (SOA) effect in various types of paradigms, such as the divided-attention paradigm (e.g., Duncan, 1984) and the spatial-cuing paradigm (Egly, Driver, & Rafal, 1994) . The SOA effect typically shows that participants respond faster and/or more accurately regarding two stimuli or features from the same object than those from different objects (divided-attention paradigm), or regarding a probe appearing in the same object as a preceding cue relative to that appearing in a different object (spatial-cueing paradigm). In the past 30 years, these two types of SOA effect have been repeatedly demonstrated under various circumstances in numerous studies (Chen, 2012; Scholl, 2001) .
On the other hand, the different-object advantage (DOA) effect shows a pattern that is exactly opposite to that of the SOA effect (Cepeda & Kramer, 1999; Chou & Yeh, 2011; Davis, 2001; Davis & Holmes, 2005; Davis, Welch, Holmes, & Shepherd, 2001; Harrison & Feldman, 2009) . That is, participants' performance was even worse when judging two stimuli or features within the same object than those in different objects. The illustrations of SOA and DOA effects were shown in Fig. 1 . This apparent inconsistency raises several important questions, which, to the best of our knowledge, remain to be answered. Why does the DOA effect sometimes happen if SOA is a general phenomenon? Is DOA a genuine effect or just an artifact of certain methods? What determines the presence of the SOA vs. DOA effect? In the present study, we attempt to address these issues and solve the apparent paradox between the SOA and DOA effects.
Previous studies on the SOA effect
In a pioneering study on the SOA effect using the dividedattention paradigm, Duncan (1984) adopted the approach of using an ''outline box + crossing line" pattern which was briefly presented and then rapidly masked. Both the box and the line had two attributes, and observers were tested on either (a) two attributes from the same object (e.g., the height of the box and the side of the gap on the box) or (b) two attributes, one from each of the two objects (e.g., the height of the box and the texture of the line). The results showed a SOA effect: observers' performance was substantially better when the attributes were from the same object compared to when they were from different objects.
This SOA has not only been replicated in similar paradigms (Duncan, 1993a (Duncan, , 1993b but has also been extended in various ways. For example, Baylis and Driver (1993) adopted an ambiguous stimulus display (analogs to Rubin's faces-vase figure) which could either be perceived as one central white object against black background or as two black objects against the central white background, and manipulated participants' perceptual interpretation (one or two objects) by using color instruction. They found that participants' performance of edges judgment was better when these edges were perceived to be from one single object than when they were perceived to be from two different objects, despite the physical stimuli were the same between the one-object and twoobject conditions. In another case, Lavie and Driver (1996) used stimuli across a wide spatial extent (e.g., two overlapping straight lines subtending about 12°of visual angle) and still confirmed the SOA effect.
In addition to the above-mentioned studies with the dividedattention paradigm, Egly et al. (1994) also reported the SOA effect in a spatial-cuing paradigm. In their study, two rectangles were presented and the observers were asked to detect a target that could appear in one of the four ends of the two rectangles. One of the four ends was cued before the target onset. In 75% of the trials, the target appeared at the cued location (i.e., valid trials); in the other 25% of the trials, the target appeared either at the opposite end of the cued rectangle (i.e., invalid-same-object trials) or at the end of another rectangle but at an equal distance from the cued location (i.e., invalid-different-object trials). The results indicated that the observers responded faster in the invalid-same-object trials than in the invalid-different-object trials despite the targets in these two conditions were equally distant from the cued location. The SOA effect in the spatial-cuing paradigm has subsequently been widely confirmed and extended (e.g., Abrams & Law, 2000; Goldsmith & Yeari, 2003; Lamy & Egeth, 2002; Marino & Scholl, 2005; Moore, Yantis, & Vaughan, 1998; Richard, Lee, & Vecera, 2008; Shomstein & Yantis, 2002) . In addition to these behavioral findings, several ERP studies adopting the spatial-cuing paradigm have also revealed evidence of the SOA effect by showing larger P1 and N1 components triggered by a stimulus in the attended object than in the unattended object (e.g., He 
Previous studies on the DOA effect
Although, as discussed above, the SOA effect has been widely reported, the opposite pattern (i.e., DOA) was also reported sometimes. One notable result was found by Davis et al. (2001) (see also Davis & Holmes, 2005) using the typical divided-attention paradigm. Observers were shown, and later tested on, two target features (e.g., square and diagonal notches), which appeared either on one single object or on two separate objects. The observers responded more rapidly when the target features belong to two separate objects than when they belong to a single object. In addition to Davis et al. (2001) , Davis and Holmes (2005) , other researchers have also reported the DOA effect, although they have not always labeled it as such. For example, Cepeda and Kramer (1999) used two wrench-like stimuli and asked participants to judge whether two ends that either come from the same wrench or different wrenches were the same or different in shape. They obtained a DOA effect and interpreted it as being just a consequence of using the mental rotation strategy. Harrison and Feldman (2009) manipulated the object orientation and the strength of the object percept, and asked participants to compare two features either from the same or different objects. They found that the presence of the DOA effect depended on the object orientation, but it was not influenced by the strength of object percept. Chou and Yeh (2011) adopted Egly et al.'s (1994) spatial-cueing paradigm by using both suprathreshold and subliminal spatial cues. Interestingly, they not only replicated the SOA effect under the condition of a suprathreshold cue, but more importantly, they observed the DOA effect under the context of a subliminal cue.
The present study
As mentioned above, the primary purpose of the present study is to attempt to solve the apparent conflict between the findings of DOA and SOA effects in the literature. The SOA effect is more intuitive and naturally follows from the common notion that attention tends to select an object as a single unit (e.g., Scholl, Pylyshyn, & Feldman, 2001) . Therefore, it is reasonable to regard SOA as a ''default", and the mission that needs to be accomplished is to identify the critical condition when DOA will occur and to provide a theory as to why it is so.
After a thorough comparison of previous reports on these two effects, we came to realize that the DOA effect is usually observed when the two target features are highly similar or identical to each other, whereas the SOA effect is usually observed when the two target features are clearly different from each other (e.g., Behrmann, Zemel, & Mozer, 1998; Cepeda & Kramer, 1999; Davis, 2001; Lavie & Driver, 1996) . For example, Cepeda and Kramer found a DOA effect when asking participants to judge whether two highly similar ends of wrench-like stimuli (rounded vs. rectangular wrench ends) were the same or different, whereas they found a SOA effect when asking participants to compare two clearly distinct wrench ends (open end vs. bent closed end) in another experiment. Note that their purpose of manipulating the similarity between targets is to investigate the influence of the perceptual difficulty of the task on their results, which is completely different with our hypothesis as follows. We suspect that this methodological aspect (i.e., the identicality of the two targets) is critical to the direction of the results. In other words, the critical condition for observing a DOA (rather than a SOA) effect is that the two targets are identical to each other.
But why is this? Perhaps, for perceiving the targets and performing the task, the essential process is to assign distinct labels to the two targets so that they can be differentiated from each other. This differentiation is trivially easy when the two targets are clearly different from each other but becomes more challenging performance of judging two targets is better (faster and/or more accurately) when they are from the same object than when they are from different objects. (B): DOA effect: this effect shows an exactly opposite pattern as that of SOA effect. That is, participants are worse in responding two targets within the same object relative to those in different objects.
when they are identical to each other, as suggested by the token individuation hypothesis (e.g., Chun, 1997; Hochhaus & Marohn, 1991; Kanwisher, 1987) . In the latter case (i.e., identical targets), if the two identical targets reside on different objects, then the distinct object identities can perhaps help to differentiate between the two targets and thus make the differentiation easier than if the two identical targets reside on the same object. Therefore, the results will move toward the direction of a DOA effect in the case of two identical targets.
In brief, we hypothesize that the DOA effect is observed because two identical targets can be differentiated more easily when residing on different objects than when residing on the same object. To test this hypothesis, we manipulate the difference between the two targets (i.e., identical vs. different) and see how this affects the direction of the results (i.e., SOA vs. DOA).
In the present study, we use accuracy rather than response times as the critical measurement because previous studies (Prinzmetal, McCool, & Park, 2005; Santee & Egeth, 1982) have shown that accuracy is a more pure measurement of the perceptual-attentional process, whereas response times are more likely to be affected by various post-perceptual factors.
Experiment 1
In our first experiment, we attempted to investigate whether the presence of SOA vs. DOA effects can be determined by the identicality between targets by employing the divided-attention paradigm.
Method

Participants
Eighteen undergraduates from the Chinese University of Hong Kong participated in the experiment. They all had normal or corrected-to-normal vision. All subjects in this study read and signed a consent form approved by our institution's IRB before the experiment. All of the experiments reported here were conducted in accord with the Code of Ethics of the World Medical Association (Declaration of Helsinki). The data of one participant was excluded from analysis because the average accuracy (52% correct) across all conditions was extremely low (chance is 50%). The pattern of results did not change when adding the excluded data into analysis in this and all the other experiments.
Apparatus
The stimuli were presented on a CRT monitor with a resolution of 1024 Â 768 pixels. The subjects were seated approximately 60 cm away from the screen and entered responses using a keyboard. The program was created in MATLAB using the PsychToolbox libraries (Brainard, 1997; Pelli, 1997) .
Stimuli and procedure
The procedure and stimuli of Experiment 1 are illustrated in Fig. 2A . At the beginning of each trial, a white fixation cross, along with two white rectangles respectively on its left and right sides (i.e., fixation display), was presented against a black background in the center of the display. Each rectangle subtended a 5.7°Â 1.7°area and was 1.3°away from the center of the display. The two rectangles were either 45°left-tilted or 45°right-tilted. After one second, the targets were presented (i.e., target display). Two targets were placed either on (a) two ends of the same rectangle (same-object condition) or (b) two adjacent ends of different rectangles (different-object condition), with the occurrence probability of each condition being 50%. The two targets were never placed on two diagonal ends. The other two ends were filled with two distractors. There were two types of target: a white diamond (1.0°Â 1.0°) and a white circle (1.0°in diameter). The distractors were white triangles (1.0°side length), which could be displayed in four different orientations (45°, 135°, 225°, or 315°).
The targets (and distractors) were presented briefly and then covered by masks (i.e., mask display). The exposure duration of the target display was adjusted for each individual observer at the beginning of the experiment by using a one-up/two-down staircase procedure so that his/her overall performance was moderate (average accuracy across conditions: 83% correct). The trial procedure in the staircase block was identical to that in the main task blocks except that there was no rectangle. The average exposure duration across all observers was approximately 188 ms. The mask display remained for 200 ms and then disappeared.
Observers were asked to press the number key ''1" when the two targets were the same, and press number key ''2" when they were different. They were instructed to respond as accurately as they could with no time pressure. The next trial started one second after a response had been made.
The trials could vary on three factors: (1) target identicality: the two targets could be identical or different; (2) object type: the two targets could appear within the same rectangle (i.e., same-object) or on different rectangles (i.e., different-object); and (3) rectangle orientation: the two rectangles could be presented 45°left-tilted or right-tilted. Thus, there were 8 = 2 Â 2 Â 2 conditions in total.
Each observer completed 8 blocks (64 trials each). The trials on each block were randomly and equally split into the 8 conditions mentioned above.
Results and discussion
A preliminary analysis showed that the orientation of the rectangles made no noticeable difference to performance (83% vs. 83% correct), nor did it interact significantly with any other factor (all ps > .69), and will therefore be ignored in all analyses. Fig. 2B shows how accuracy was affected by target identicality and object type. There was a marginal significant effect of the target identicality (F(1,16) = 4.361, p = .053) and a significant effect of the object type (F(1,16) between the target identicality and object type was highly significant (F(1,16) = 20.087, p < .001), with the two identical targets were perceived more accurately when they resided on different objects rather than the same object (t(16) = 4.055, p < .001), whereas two different targets were perceived more accurately when they resided on the same object rather than different objects (t(16) = 2.496, p = .024).
These results confirmed our hypothesis that the direction of the effect (i.e., SOA vs. DOA) was determined by the identicality between targets. Specifically, the DOA effect occurred in the case of two identical target stimuli, whereas the SOA effect appeared when the target stimuli were different.
Experiment 2
In Experiment 2, we used a different set of targets and distractors to see whether Experiment 1's finding is generalizable across different visual stimuli.
Method
This experiment was identical to Experiment 1 with the following exceptions. A new group of twenty undergraduate students participated in this experiment. The data of three observers were excluded from analysis because of their extremely low performance across all conditions (51%, 49%, and 55% correct). The average exposure duration was approximately 218 ms. The two types of target stimuli were the letters ''T" and ''L" (target letters were generated with line segments each subtending 1.0°of visual angle), and the distractors were a hybrid symbol of the two letters which were similar as letter ''F" (see Fig. 3A ). All of the targets and distractors were displayed randomly in one of four possible orientations (45°, 135°, 225°, or 315°).
Results and discussion
The results of Experiment 2 (shown in Fig. 3B ) closely replicated those of Experiment 1. There was a very strong interaction between the target identicality and object type (F(1,16) = 34.211, p < .001): two identical targets were perceived more accurately when they resided on different objects rather than the same object (t(16) = 2.867, p = .011), whereas two different targets were perceived more accurately when they resided on the same object rather than different objects (t(16) = 3.148, p = .006). No main effect in this experiment was significant (ps > .37).
One difference between Experiment 1 and Experiment 2 was that in Experiment 2, two identical targets of the same trial (e.g., two ''T"s) were presented in different orientations. Interestingly, this difference in orientation did not eliminate the DOA effect, suggesting that the underlying mechanism that determines the identicality of two items is based on matching visual features rather than exactly matching two visual templates.
Experiment 3
It should be noted that apart from the identicality between targets (identical vs. different), the responses were also different between the condition of which the two targets were same (subjects make ''same" responses) and the condition of which the two targets were different (subjects make ''different" responses). Therefore, one may challenge the conclusion of Experiments 1 and 2 by suggesting that perhaps our results are the consequence of a response bias in the identical-different judgment. For example, it might be argued that the observed DOA effect might be due to the fact that the areas (i.e., white rectangle lines) surrounding each of two targets look exactly the same in the different-object condition, while they were different in the sameobject condition (for the target A there was a line on the top side while for the target B there was a line on the bottom side). The identical surrounding areas in the different-object condition might have biased observers toward reporting ''identical" in that condition and thus yield the DOA effect.
1
To rule out the possibility of response bias, in Experiment 3, we completely separated subjects' response from the identicality between targets. Specifically, the observers were asked to report the nature of one of two targets (diamond vs. circle) rather than to make a judgment on whether they were the same or different. Naturally, such a report task did not allow the occurrence of the above-mentioned bias, or any other type of response bias.
Method
Experiment 3 was identical to Experiment 1 with the following exceptions. Nineteen new undergraduate students participated in the experiment. Two participants' data were excluded because of too low performance across all conditions (51% and 50% correct). The average exposure duration was approximately 145 ms. A red post-cue was presented 300 ms after the offset of the mask and remained on the screen for 200 ms. This post-cue appeared on the location of one of the two targets, and the observers attempted to report the identity of the target (diamond vs. circle) on the cued location by pressing one of two keys (see Fig. 4A ).
Results and discussion
The results of Experiment 3 (shown in Fig. 4B ) essentially replicated those of Experiments 1 and 2. There was a strong interaction between the target identicality and object type (F(1,16) = 19.263, p < .001), with participants perceiving the two identical targets more accurately when they appeared on two different objects relative to when they located on the same object (t(16) = 3.872, p = .001), whereas participants' performance of comparing two different targets was comparable between the same-object and different-object conditions (t(16) = 1.396, p = .182). There was no main effect of the target identicality (F(1,16) = .077, p = .785) or object type (F(1,16) = 1.153, p = .299). Therefore, our finding could not be explained as the consequence of a response bias.
Experiment 4
This experiment aimed to directly test our hypothesis that the DOA effect occurs because the distinct objects can facilitate the differentiation between two identical targets. To answer this question, in half of this experiment we replicated Experiment 1, while in the other half we removed the two rectangles (i.e., non-object neutral condition). If our hypothesis is correct, then we should find that the performance of judging two identical targets is better in the different-object condition than that in the non-object neutral condition.
Method
The experiment was identical to Experiment 1, with the changes as follows. Twenty-two undergraduate students participated in this experiment. The data of five observers were excluded from analysis because their average accuracy across all conditions was too low (52%, 56%, 57%, 50%, and 46% correct). Note that the trial procedure in the staircase block of the previous experiments was identical to that in the non-object neutral condition of the present experiment. To ensure that the performance in the non-object neutral condition will not be affected by the staircase block (i.e., practice effect), here we presented the two targets sequentially, rather than simultaneously as in previous experiments, in the staircase block, with each stimuli display containing one target and three distractors. The average exposure duration of the stimuli display across participants was 175 ms.
The experiment consisted of 8 blocks, and in half of the experiment we replicated Experiment 1, while in the other four blocks we removed the two rectangles. The presentation order of the eight blocks was random for each observer.
Results and discussion
The results of this experiment are depicted in Fig. 5 . 2 (target identicality: identical and different) Â 3 (object type: sameobject, different-object, and non-object neutral) repeated measures ANOVA was adopted to analyze the data. The results showed a highly significant interaction between the target identicality and object type (F(2,32) = 15.468, p < .001), and a main effect of the object type (F(2,32) = 7.732, p = .002).
To further investigate this interaction effect, we conducted oneway repeated measures ANOVA for the identical-target and different-target conditions respectively. The ANOVA for the identical-target condition showed a significant effect of the object type (F(2,32) = 17.786, p < .001). The post-analyses revealed that the target identicality judgment performance was significantly higher in the different-object condition than in the non-object neutral (t(16) = 5.362, p < .001) and same-object conditions (t(16) = 4.248, p = .002). The performance did not significantly differ between the latter two conditions (t(16) = 2.002, p = .188). These results indicate that the DOA effect was driven by the benefit of placing two identical targets in different objects, rather than caused by the cost of presenting two identical targets in the same object (as compared to the non-object neutral condition). The ANOVA for the different-target condition did not show any significant difference between any two object type conditions (all ps > .12).
General discussion
In four experiments, the present study has provided converging evidence for the critical role of target identicality in determining the direction of DOA vs. SOA. This finding can be generalized to different types of stimuli (Experiment 1 vs. Experiment 2) and cannot be explained in terms of any response bias (Experiment 3). Moreover, Experiment 4 provides direct evidence showing that the DOA effect results from the easier differentiation between two identical targets when placing them in two distinct objects.
Is the DOA a robust effect?
Given that in the literature, reports of the DOA effect are outnumbered by reports of the SOA effect, one may reasonably doubt the robustness of the DOA effect. However, the present study showed the DOA effect in all four experiments (Experiment 1: t (16) = 4.055, p < .001; Experiment 2: t(16) = 2.867, p = .011; Experiment 3: t(16) = 3.872, p = .001; Experiment 4: t(16) = 4.248, p = .002), suggesting that DOA is a very robust effect across different types of stimuli and tests.
Why then, one may ask, has this effect not been reported more frequently? Although this cannot be determined in the present study, we suspect that there are at least two plausible reasons. First, the majority of the previous studies have indeed used different targets, so they are expected to produce the SOA, rather than the DOA. Second, there may have been a general prior assumption that a SOA should be found. For example, even for those studies that have indeed found DOA effects empirically, they tend to interpret them as byproducts of either certain strategies (Cepeda & Kramer, 1999) or certain stimuli orientation (Harrison & Feldman, 2009) , which are clearly not applicable to the DOA effects in the present study.
Is the DOA a strange phenomenon?
Above, we proposed that the DOA effect happens because there is an essential underlying process of assigning distinct labels to the two targets so that they can be differentiated from each other. At first, this may sound strange, and one may therefore doubt that it is a plausible perceptual/cognitive process. However, it is actually not at all strange because it may be the same (or a similar) underlying process as that which lies behind the classic phenomenon of repetition blindness.
Repetition blindness is the phenomenon that after detecting one target, observers are less likely to detect a second target that is identical to the first one compared to detect a different target (Kanwisher, 1987) . Kanwisher (1987) argued that this happens because of the difficulty of creating a second token of the same type.
Our finding and hypothesis can naturally follow from this token-type theory (e.g., Chun, 1997; Hochhaus & Marohn, 1991; Kanwisher, 1987) . Perceiving two identical targets requires creating two tokens of the same type and is therefore more difficult than perceiving two different targets. More importantly, the present study demonstrated that this extra difficulty can be alleviated if the two targets reside on different objects, since these two different objects might provide distinct labels to two identical targets so that they can be differentiated more easily from each other.
On the SOA effect
As shown in Figs. 2-5, the SOA effect existed in the differenttarget condition in all of the experiments in this study (Experiments 1-4) but was only statistically significant in Experiments 1 and 2 (Experiment 1: t(16) = 2.496, p = .024; Experiment 2: t(16) = 3.148, p = .006; Experiment 3: t(16) = 1.396, p = .182; Experiment 4: t(16) = 1.600, p = .129). Although this effect seems to be statistically reliable if all of the experiments are considered together, it is also evident that this effect is rather tiny (0.025 in accuracy difference between the same-object and different-object conditions across all experiments) and is considerably weaker than what has been reported in some of the classic SOA studies (Duncan, 1984) .
Why is this? We believe that the reason for this discrepancy is that the previous literature on SOA actually conflated two effects of different natures: the effect of the unit of conscious access and the effect of the unit of selection (Huang, 2010) . Huang (2010) argued that the unit of conscious access is not an object but a Boolean map (see Huang & Pashler, 2007) . That is, the SOA can only be obtained when the features (or targets) are different dimensions of a single Boolean map (e.g., the color and orientation of a single line) and not when they belong to different parts of the same object. The same-object targets in the present study could not fit into one single Boolean map. Therefore, only the effect of the unit of selection contributed to the SOA effect observed in this study. The effect of the unit of selection can be rather large when the selection itself is difficult (e.g., in a dynamic scene, Scholl et al., 2001) . However, in the present study, the selection was within four fixed locations, and so it is not surprising that only a very modest SOA effect was observed.
Conclusion
In conclusion, present study demonstrated that the presences of SOA vs. DOA effects are critically determined by the identicality between targets. Specifically, the SOA effect was observed when the two targets were clearly different from each other, whereas the DOA effect was obtained in the case of two identical targets. Moreover, the current study demonstrated that the DOA effect occurs because the distinct objects help to differentiate between two identical targets.
